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(54) MANUFACTURE OF THIN FILM TRANSISTOR 

(57)Abstract: 

PURPOSE: To improve the film quality of a semiconductor film by 
removing the impurities collected on the surface layer together with the 
surface layer of the semiconductor film after the semiconductor film 
formed on a substrate has been laser-annealed. 
CONSTITUTION: The impurities 7 present in an amorphous silicon thin 
film 3 are concentrated on the surface of a polysilicon thin film 6 by 
solidifying from the side of a substrate 1, the amorphous silicon thin film 
3 which is fused by laser annealing. A natural oxide film 8 is formed on 
the surface of the polysilicon thin film 6 when heat treatment is 
conducted in a nitrogen atmosphere. Then, the above-mentioned 
material is dipped into 1% fluoric acid for one minute, and etching 
treatment is conducted. As a result, the natural oxide film 8 is removed 
in about several seconds, and 100&angst; or thereabout of the surface 
of the polysilicon thin film 6 is removed. Consequently, the impurities 7 
which are concentrated on the surface layer of the polysilicon thin film 6 are removed simultaneously. 
Accordingly, the film quality of the polysilicon thin film 6 can be stabilized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the thin film transistor characterized by removing with the impurity which 
concentrated the surface layer of said semi-conductor thin film on this surface layer after carrying out laser annealing of 
the semi-conductor thin film formed on the substrate. 

[Claim 2] Said semi-conductor thin film is the manufacture approach of the thin film transistor according to claim 1 
which is said before [ laser annealing ] amorphous silicon thin film, and is characterized by Pori-izing this amorphous 
silicon thin film by said laser annealing. 

[Claim 3] The manufacture approach of the thin film transistor according to claim 1 characterized by heat-treating after 
said laser annealing and removing the surface layer of said semi-conductor thin film after this. 

[Claim 4] It is the manufacture approach of the thin film transistor according to claim 3 characterized by performing said 
heat treatment in nitrogen-gas-atmosphere mind. 

[Claim 5] It is the manufacture approach of the thin film transistor according to claim 3 characterized by performing said 
heat treatment in an oxygen ambient atmosphere. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of a thin film transistor. 
[0002] 

[Description of the Prior Art] In the manufacture field of a thin film transistor, by carrying out laser annealing, the 
amorphous silicon thin film formed on the glass substrate may be Pori-ized, and may be used as a polish recon thin film. 
In this case, the amorphous silicon thin film fused by laser annealing solidifies and Pori-izes from a glass substrate side. 
Moreover, although laser annealing of the polish recon thin film after an ion implantation may be carried out and it may 
be activated, the polish recon thin film fused by laser annealing also in this case solidifies from a glass substrate side. 
[0003] 

[Problem(s) to be Solved by the Invention] Thus, since the semi-conductor thin film which consists of an amorphous 
silicon thin film fused by laser annealing solidifies from a glass substrate side, the impurity which exists in a semi- 
conductor thin film will focus on the surface layer, and will remain. Consequently, in the thin film transistor equipped 
with the semi-conductor thin film of such structure, there was a problem that electrical characteristics, such as the ON 
state current, the OFF state current, and a threshold electrical potential difference, deteriorated with the not sufficient 
membraneous quality of a semi-conductor thin film. The purpose of this invention is to offer the manufacture approach 
of the thin film transistor which can improve membraneous quality of a semi-conductor thin film. 
[0004] 

[Means for Solving the Problem] This invention is removed with the impurity which concentrated the surface layer of 
said semi-conductor thin film on this surface layer, after carrying out laser annealing of the semi-conductor thin film 
formed on the substrate. 
[0005] 

[Function] Since it will remove with the impurity which concentrated the surface layer of a semi-conductor thin film on 
this surface layer according to this invention, membraneous quality of a semi-conductor thin film can be improved. 
[0006] 

[Example] Drawing 1 - drawing 8 show each production process of the thin film transistor in one example of this 
invention, respectively. Then, the manufacture approach of a thin film transistor is explained, referring to these drawings 
in order. 

[0007] First, as shown in drawing 1 , the hydrogenation amorphous silicon thin film 2 is deposited on the top face of a 
glass substrate 1 by the plasma CVD which used the mixed gas of SiH4 and H2. In this case, it is made for the thickness 
of the hydrogenation amorphous silicon thin film 2 to become to some extent thicker than the thickness made into the 
purpose. For example, if the target thickness is about 500A, it may be plus 100A about 600A. Moreover, as deposition 
conditions, about 200-350 degrees C of temperature of a glass substrate 1 are desirably made into about 250 degrees C, 
and the mixed gas of SiH4 of 10 - 20SCCM extent and Hthe about 10 times 2 is used. Then, the hydrogen content of the 
hydrogenation amorphous silicon thin film 2 becomes about 10-2patomic%. Next, dehydrogenation treatment is 
performed in order to avoid that hydrogen bumps and a defect arises, when high energy is given by excimer laser 
exposure at a next process, in this case, the inside of nitrogen-gas-atmosphere mind — setting ~ the temperature of about 
450 degrees C - heat treatment of about 1 hour - carrying out a hydrogen content - less than [ 3atomic% ] — it is 
made to become less than [ latomic% ] desirably 

[0008] Next, as shown in drawing 2 , the photoresist film 4 is formed in the top face of the part corresponding to fields 
other than source drain formation field 3a of the amorphous silicon thin film 3 after dehydrogenation treatment. Next, 
ion, such as phosphorus ion and boron ion, is poured into source drain formation field 3a of the amorphous silicon thin 
film 3 by using this photoresist film 4 as a mask, and the ion-implantation field 5 is formed. Then, the photoresist film 4 
is removed. 

[0009] Next, while the amorphous silicon thin film 3 will Pori-ize and will turn into the polish recon thin film 6 if XeCl 



excimer laser with a wavelength of 308nm is irradiated at the substrate temperature of 200-400 degrees C into a vacuum 
by the energy density 250 - about two 350 mJ/cm, and about 50ns of pulse width as shown in drawing 3 , the ion- 
implantation field 5 is activated. In this case, when the amorphous silicon thin film 3 fused by laser annealing solidifies 
from a glass substrate 1 side, the impurity 7 which exists in the amorphous silicon thin film 3 focuses on the surface 
layer of the polish recon thin film 6. If temperature of a glass substrate 1 is made into 200-400 degrees C at this time, 
since a coagulation rate will be reduced to 60 - 30% in the case of a room temperature, much more centralization to the 
surface layer of an impurity can be attained with increase of the diameter of crystal grain. In addition, of course, excimer 
laser other than XeCl excimer laser with a wavelength of 308nm, such as KrF with a wavelength of 248nm, ArF with a 
wavelength of 193nm, ArCl with a wavelength of 175nm, and XeF with a wavelength of 353nm, may be used. 
Moreover, if a excimer laser exposure is performed two or more times, the surface layer of an impurity can be 
concentrated as it is more certain. 

[0010] Next, if it heat-treats at the temperature of about 500 degrees C in nitrogen-gas-atmosphere mind in order to 
stabilize the membraneous quality of the polish recon thin film 6, as shown in drawing 4 (A), the natural oxidation film 8 
will be formed in the front face of the polish recon thin film 6. Next, it etches by dipping in fluoric acid a grade for 1 
minute 1%. Then, the natural oxidation film 8 is removed by several second about room, and about 100 A of surface 
layers of the polish recon thin film 6 is removed after this. This condition is shown in drawing 4 (B). Thus, since about 
100 A of surface layers of the polish recon thin film 6 is removed, the impurity 7 which focused on the surface layer of 
the polish recon thin film 6, and remains will also be removed by coincidence. In addition, in order to stabilize the 
membraneous quality of the polish recon thin film 6, you may heat-treat at the temperature of about 500-600 degrees C 
not in nitrogen-gas-atmosphere mind but in an oxygen ambient atmosphere. In this case, since etching time can be 
shortened rather than the case of heat treatment in nitrogen-gas-atmosphere mind, the damage given to a glass substrate 1 
can be lessened. Moreover, etching may be dry etching. 

[001 1] Next, as shown in drawing 5 , isolation removes the polish recon thin film 6 of an unnecessary part. In this 
condition, the center section of the polish recon thin film 6 is set to channel field 6a, and those both sides are set to 
source drain field 6b which consists of an activation ion-implantation field. Next, as shown in drawing 6 , the gate 
dielectric film 9 which consists of silicon oxide film and a silicon nitride film is formed in all front faces. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the manufacture approach of a thin film transistor. 
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PRIOR ART 



[Description of the Prior Art] In the manufacture field of a thin film transistor, by carrying out laser annealing, the 
amorphous silicon thin film formed on the glass substrate may be Pori-ized, and may be used as a polish recon thin film. 
In this case, the amorphous silicon thin film fused by laser annealing solidifies and Pori-izes from a glass substrate side. 
Moreover, although laser annealing of the polish recon thin film after an ion implantation may be carried out and it may 
be activated, the polish recon thin film fused by laser annealing also in this case solidifies from a glass substrate side. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since it has removed with the impurity which concentrated the surface layer of a semi- 
conductor thin film on this surface layer according to this invention as explained above, membraneous quality of a semi- 
conductor thin film can be improved, as a result electrical characteristics, such as the ON state current, the OFF state 
current, and a threshold electrical potential difference, can be improved. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Thus, since the semi-conductor thin film which consists of an amorphous 
silicon thin film fused by laser annealing solidifies from a glass substrate side, the impurity which exists in a semi- 
conductor thin film will focus on the surface layer, and will remain. Consequently, in the thin film transistor equipped 
with the semi-conductor thin film of such structure, there was a problem that electrical characteristics, such as the ON 
state current, the OFF state current, and a threshold electrical potential difference, deteriorated with the not sufficient 
membraneous quality of a semi-conductor thin film. The purpose of this invention is to offer the manufacture approach 
of the thin film transistor which can improve membraneous quality of a semi-conductor thin film. 
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MEANS 



[Means for Solving the Problem] This invention is removed with the impurity which concentrated the surface layer of 
said semi-conductor thin film on this surface layer, after carrying out laser annealing of the semi-conductor thin film 
formed on the substrate. 
[0005] 
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OPERATION 



[Function] Since it will remove with the impurity which concentrated the surface layer of a semi-conductor thin film on 
this surface layer according to this invention, membraneous quality of a semi-conductor thin film can be improved. 
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EXAMPLE 



[Example] Drawing 1 - drawing 8 show each production process of the thin film transistor in one example of this 
invention, respectively. Then, the manufacture approach of a thin film transistor is explained, referring to these drawings 
in order. 

[0007] First, as shown in drawing 1 , the hydrogenation amorphous silicon thin film 2 is deposited on the top face of a 
glass substrate 1 by the plasma CVD which used the mixed gas of SiH4 and H2. In this case, it is made for the thickness 
of the hydrogenation amorphous silicon thin film 2 to become to some extent thicker than the thickness made into the 
purpose. For example, if the target thickness is about 5 00 A, it may be plus 100 A about 600 A. Moreover, as deposition 
conditions, about 200-350 degrees C of temperature of a glass substrate 1 are desirably made into about 250 degrees C, 
and the mixed gas of SiH4 of 10 - 20SCCM extent and Hthe about 10 times 2 is used. Then, the hydrogen content of the 
hydrogenation amorphous silicon thin film 2 becomes about 10-20atomic%. Next, dehydrogenation treatment is 
performed in order to avoid that hydrogen bumps and a defect arises, when high energy is given by excimer laser 
exposure at a next process, in this case, the inside of nitrogen-gas-atmosphere mind - setting - the temperature of about 
450 degrees C - heat treatment of about 1 hour — carrying out - a hydrogen content - less than [ 3atomic% ] — it is 
made to become less than [ latomic% ] desirably 

[0008] Next, as shown in drawing 2 , the photoresist film 4 is formed in the top face of the part corresponding to fields 
other than source drain formation field 3 a of the amorphous silicon thin film 3 after dehydrogenation treatment. Next, 
ion, such as phosphorus ion and boron ion, is poured into source drain formation field 3 a of the amorphous silicon thin 
film 3 by using this photoresist film 4 as a mask, and the ion-implantation field 5 is formed. Then, the photoresist film 4 
is removed. 

[0009] Next, while the amorphous silicon thin film 3 will Pori-ize and will turn into the polish recon thin film 6 if XeCl 
excimer laser with a wavelength of 308nm is irradiated at the substrate temperature of 200-400 degrees C into a vacuum 
by the energy density 250 - about two 350 mJ/cm, and about 50ns of pulse width as shown in drawing 3 , the ion- 
implantation field 5 is activated. In this case, when the amorphous silicon thin film 3 fused by laser annealing solidifies 
from a glass substrate 1 side, the impurity 7 which exists in the amorphous silicon thin film 3 focuses on the surface 
layer of the polish recon thin film 6. If temperature of a glass substrate 1 is made into 200-400 degrees C at this time, 
since a coagulation rate will be reduced to 60 - 30% in the case of a room temperature, much more centralization to the 
surface layer of an impurity can be attained with increase of the diameter of crystal grain. In addition, of course, excimer 
laser other than XeCl excimer laser with a wavelength of 308nm, such as KrF with a wavelength of 248nm, ArF with a 
wavelength of 193nm, ArCl with a wavelength of 175nm, and XeF with a wavelength of 353nm, may be used. 
Moreover, if a excimer laser exposure is performed two or more times, the surface layer of an impurity can be 
concentrated as it is more certain. 

[0010] Next, if it jieat-treat s at th e temper ature of about 500 degrees C in nitrogen-gas-atmosphere mind in order to 
stabihzej fae ineir^ of the"polish re con thin fi lm 6, as sho wn in dr^ng_4 ^ A), the natural oxidatio n film 8 

willb e formed in the front face of the polish recon t hin film 6. Next, itetches by dipping nTfluori c acid a j g radglpn 
mi nute 1% . Then, the natural oxidation film 8 is removed by several second about room, and about 100A of surface 
layers of the polish recon thin film 6 is removed after this. This condition is shown in drawing 4 (B). Thus, since about 
100A of surface layers of the polish recon thin film 6 is removed, the impurity 7 which focused on the surface layer of 
the polish recon thin film 6, and remains will also be removed by coincidence. In addition, in order to stabilize the 
membraneous quality of the polish recon thin film 6, you may heat-treat at the temperature of about 500-600 degrees C 
not in nitrogen-gas-atmosphere mind but in an o xygen ambient atmospher e. In this case, since etching time can be 
shortened rather than the case of heat treatment m nitrogen-gas-atmospEere mind, the damage given to a glass substrate 1 
can be lessened. Moreover, etching may be dry etching. 

[001 1] Next, as shown in drawing 5 , isolation removes the polish recon thin film 6 of an unnecessary part. In this 
condition, the center section of the polish recon thin film 6 is set to channel field 6a, and those both sides are set to 
source drain field 6b which consists of an activation ion-implantation field. Next, as shown in drawing 6 , the gate 



dielectric film 9 which consists of silicon oxide film and a silicon nitride film is formed in all front faces. That is, the 
silicon oxide film is first deposited on all front faces by the spatter, and a silicon nitride film is deposited by the plasma 
CVD using the mixed gas which consists of SiH4, and NH3 and N2 subsequently to the front face of this silicon oxide 
film. If make temperature of a glass substrate 1 into about 250 degrees C, make SiH4 into 30SCCM extent, NH3 is made 
into 60SCCM extent, N2 is made into 390SCCM extent and it carries out about output 600W and with pressure O.STorr 
extent when depositing a silicon nitride film by plasma CVD, the polish recon thin film 6 will be hydrogenated by 
coincidence, and the dangling bond will decrease in number. Thus, since the polish recon thin film 6 is hydrogenated to 
depositing gate dielectric film 9 by plasma CVD on the polish recon thin film 6, and coincidence and the dangling bond 
is reduced, deposition of gate dielectric film 9 and hydrogenation of the polish recon thin film 6 can be once performed 
to coincidence by plasma CVD, an original hydrogenation process can be skipped, as a result the number of production 
processes can be lessened. Next, the gate electrode 10 which consists of Cr is formed in the top face of the gate dielectric 
film 9 of the part corresponding to channel field 6a. 

[0012] Next, as shown in drawing 7 , the interlayer insulation film 1 1 which consists of silicon nitride etc. is formed in 
all front faces. Next, a contact hole 12 is formed in the interlayer insulation film 1 1 and gate dielectric film 9 of a part 
corresponding to source drain field 6b. Next, as shown in drawing 7 , pattern formation of the source drain electrode 13 
which consists of aluminum connected with source drain field 6b through a contact hole 12 is carried out to the top face 
of an interlayer insulation film 1 1. In the thin film transistor of the electric field effect mold obtained in this way, 
electrical characteristics, such as the ON state current, the OFF state current, and a threshold electrical potential 
difference, improved, mobility is also more than 80cm2/V-sec, and it was checked that the membraneous quality of the 
polish recon thin film 6 is very good. 

[0013] In addition, although dehydrogenation treatment is performed in the above-mentioned example after depositing 
the hydrogenation amorphous silicon thin film 2 by plasma CVD, it is not limited to this and you may make it deposit the 
amorphous silicon thin film which does not contain hydrogen by LPCVD. In this case, temperature of the glass substrate 
1 at the time of depositing the amorphous silicon thin film which does not contain hydrogen by LPCVD is made into 
about 500-600 degrees C, and the energy density of Pori-izing and the excimer laser for being activated is made into 
about two 400 mJ/cm. Therefore, although it is not necessary to perform dehydrogenation treatment in this case, since 
temperature of a glass substrate 1 will be comparatively made into an elevated temperature with about 500-600 degrees 
C, time amount becomes this thing to the temperature up of substrate temperature too many. Moreover, although not an 
amorphous silicon thin film but a polish recon thin film will accumulate directly when temperature of a glass substrate 1 
is made into about 600 degrees C, the diameter of crystal grain can grow by subsequent excimer laser exposure, therefore 
the crystal structure of a polish recon thin film can be improved. 

[0014] Moreover, although the above-mentioned example is performing Pori-izing and activation to coincidence by the 
excimer laser exposure once, this is separately good in a line. What is necessary is in short, just to be able to remove the 
impurity concentrated on the surface layer of a polish recon thin film by laser annealing, before forming gate dielectric 
film 9. When heat treatment for stabilizing the membraneous quality of a polish recon thin film is performed at this time, 
the natural oxidation film formed in the front face of a polish recon thin film is also removed. 

[0015] Moreover, although the above-mentioned example explained the case where this invention was applied to the thin 
film transistor of the usual metal-oxide-semiconductor structure, as compared with the thin film transistor of the usual 
metal-oxide-semiconductor structure, it is applicable also to the thin film transistor of the LDD structure which aimed at 
and formed improvement in pressure-proofing etc. into high reliance. For example, in the thin film transistor of the LDD 
structure shown in drawing 9 which gave the same sign to the same name part as drawing 8 , it has structure which was 
set to channel field 6a in the center section of the polish recon thin film 6, was set to source drain field 6b with low ion 
concentration in the both sides, and was further set to source drain field 6c with high ion concentration in the both sides. 
In manufacturing the thin film transistor of this LDD structure For example, low-concentration ion is injected into the 
part which should form source drain field 6b with low ion concentration, and source drain field 6c with high ion 
concentration in the condition that it is shown in drawing 2 . Subsequently, remove the photoresist film 4 and another 
photoresist film is formed in the top face of parts other than the part which should form source drain field 6c with ion 
concentration high subsequently. What is necessary is just to make it inject high-concentration ion into the part which 
should form source drain field 6c with high ion concentration by using this another photoresist film as a mask. 
[0016] Furthermore, although the above-mentioned example explained the case where this invention was applied to the 
thin film transistor of the coplanar structure of a top gate mold, as for coplanar **** of stagger structure or a backgate 
mold, it is needless to say that it can apply also to the thin film transistor of stagger structure. In the case of a backgate 
mold, a gate electrode and gate dielectric film are formed in the top face of a glass substrate, an amorphous silicon thin 
film is deposited on it, this amorphous silicon thin film is Pori-ized, and it considers as a polish recon thin film. 
Moreover, in case the hydrogen treating of a polish recon thin film deposits the passivation film (insulator layer) by 
plasma CVD on a polish recon thin film, it can be performed to coincidence. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view in the condition of having deposited the hydrogenation amorphous silicon thin film on 
the top face of a glass substrate on the occasion of manufacture of the thin film transistor in one example of this 
invention. 

[Drawing 2] The sectional view in the condition of having poured ion into the source drain formation field of the 
amorphous silicon thin film after dehydrogenation treatment on the occasion of manufacture of this thin film transistor. 
[Drawing 3] The sectional view in the condition of having activated the ion-implantation field while Pori-izing the 
amorphous silicon thin film by irradiating excimer laser on the occasion of manufacture of this thin film transistor. 
[Drawing 4] For (A), on the occasion of manufacture of this thin film transistor, (B) is a sectional view in the condition 
of having formed the natural oxidation film in the front face of a polish recon thin film by heat treatment, and a sectional 
view in the condition that etching removed the surface layer of a polish recon thin film, on the occasion of manufacture 
of this thin film transistor. 

[Drawing 5] The sectional view in the condition that isolation removed the polish recon thin film of an unnecessary part 
on the occasion of manufacture of this thin film transistor. 

[Drawing 6] The sectional view in the condition of having formed gate dielectric film and a gate electrode on the 
occasion of manufacture of this thin film transistor. 

[Drawing 7 ] The sectional view in the condition of having reached the interlayer insulation film and having formed the 
contact hole on the occasion of manufacture of this thin film transistor. 

[Drawing 8] The sectional view in the condition of having formed the source drain electrode on the occasion of 
manufacture of this thin film transistor. 

[Drawing 9 ] The same sectional view as drawing 8 at the time of applying this invention to the thin film transistor of 

LDD structure. 

[Description of Notations] 

1 Glass Substrate 

3 Amorphous Silicon Thin Film 

6 Polish Recon Thin Film 

7 Impurity 

8 Natural Oxidation Film 
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[Drawing 5 ] 
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[Drawing 8] 
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